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SOMS  OPTICAL  Aim  ISCHAHICAL  PROPERTIES  OF  POLYVINYL  CHLORIDE 


A.  Ctsiio  and  R.  S.  Stein 
POLYMER  RESEARCH  INSTITUrE 
University  of  Massachvisetts 
Azsherst,  Massachusetts 


FORE\hT)RD 


Tr.e  photoelas'i;  properties  of  pol\'^’lnyl  chloride  (PVC)  had  been  subjected 
to  prelirtLr.ar;.'  ir/.-esti^ati or.  by  the  principal  investigator  several  years 
Cr.  the  rasis  of  this,  soae  of  these  aeasurements  were  repeated  amd  extended  by 
>Lr.  Utsto  i-urir.g  the  past  ;-ear  while  he  was  on  leave  from  the  Japan  Leather  Compauiy 
to  vorh  in  the  laboratories  of  the  Polymer  Research  Institute.  These  measurements 
oonfim  pre-.-ious  ocser.ations  and  demonstrate  the  contribution  of  both  distortional 
and  orientational  tontributions  to  the  birefringence.  They  ed.so  indicate  the  pos¬ 
sibility  of  diohroism  sfodies  on  partly  decomposed  PVl  which  will  be  described  in 
a  ftfure  report  .  .''feas-urements  of  dyT.ar.ic  birefringence  were  also  conducted  indi- 
tatinr  a  negati-.-e  strain-optical  coefficient  at  room  temperature  consistant  with  a 
dominent  distortional  contribution. 


Richard  S.  Stein 


SC»S  OFTICAL  AKT  hEX:HAKICAL  PROPERTIES  OF  POLYVIim.  CHLORIDE* 

A.  Ut  suo"*" 

FolNTner  Research  Institute 
UnlN'erslty  of  Massachusetts 
Anherst ,  Mass. 

1.  rsTRo:v::Ti3N 

5036  ohser'.-atior.s  of  "he  optical  and  mechanical  properties  of  pol^-vlnyl 
chloride  (F\t)  vere  carried  out.  Including  the  hirefringence  change  vlth  stretch- 
ir_c  at  •.•arious  temperatures,  the  thermal  stress  and  birefringence  cycle  within 
the  temperafcre  range  between  room  temperat'ore  and  about  100°C. ,  the  dynamic  stress 
and  birefringence  at  room  temperature  and  the  preliminary  experiment  on  visible 
and  infrared  dichroism  change  with  stretching.  Concerning  the  last  two,  unfortu- 
natel;/,  positit-e  res'clts  could  not  be  obtained  so  far. 

2 .  2‘LArZclZAjlc 

Tne  Ti’Z  used  for  these  studies  was  a  commercial  product  named  "Opalon  66o" 
high  molerclar  'weight  FvT  honopol^Taer  of  Monsanto  Compemy.  Some  of  the  typical 
properties  of  this  pol%-3er  are  listed  in  Table  I. 

TABLE  I 

3o3e  I^.'pical  Properties  of  "OpeQ.on  66o" 


Specific  gravity 

1.40 

* 

Specific  viscosity 

0.55 

Bwilk  density 

0.47 

Volatility  %  vt.  loss  on  heating 

0.15 

♦Solution  of  O.^g  of  polymer  in  100  ml  of  cyclohexanone  at  25°C. 


■^Or.  lea-ve  from  Japan  Leather  Institute,  Tokyo  1963-64  (Present  address) 

+S'jppor->ed  in  part  by  a  contract  -with  the  Office  of  Na-val  Research  and  in  part  by 
grants  from  the  Petroletzc  Research  Fund,  the  Air  Force  Office  of  Scientific  Re¬ 
search  arwi  the  Army  .Research  Office  (Durham). 
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Thls  F\''  vas  purified  by  repreclpltation  from  tetrahj’drofuran  solution  usinp 
aeth'"!  alcohol  as  a  precipitant  three  times.  The  solvents  used  vere  purified  by 
aear.s  of  fractionsil  distillation  at  least  tvlce.  This  sample  Is  the  same  one  as 
vas  used  for  studies  of  spherulite  growth  from  PVJ  solutions^. 

Sample  films  vere  pretjared  from  the  tetrah^drofuran  solution  by  pouring  onto 
a  glass  plate  floating  or.  the  surface  of  mercury.  The  thickness  of  the  films  were 
controlled  between  1.^  and  mil.  depending  upon  the  purpose  of  the  experiments. 

The  infrared  and  •ultra'.'iolet  absorption  spectra  were  investigated  to  confirm  that 
the  films  vert  free  from  solt'ents  and  con^'ugated  double  bonds. 

=  .  fT?z5s-5T?Ai:.*,  5trai::-3irz?ri:.uZn:e  at  various  thO'Iperatures 

7ne  stress-strain  relationships  were  determined  by  an  "instron"  tensile  test¬ 
ing  nachdne.  The  birefringence  chsutge  with  stretching  was  investigated  by  a  Babi- 

net  Tompensator  attached  to  "instron'*  tensile  testing  machine  using  monochromatic 

.  ,0  o 

light  Vnich  was  polarlted  at  an  angle  of  -p  to  the  direction  of  stretch¬ 

ing  and  passed  thro'Ugh  the  sample.  Tne  sample  '^as  held  in  a  glass-windowed  chamber 
thro'ugh  which  air  may  be  circulated  so  as  to  maintain  constant  temperature.  The 
details  of  the  proced’ure  are  described  elsewhere  .  The  temperatures  investigated 
were  room  temperature  (25~2^^T.),  -0°,  and  50^1.  respectively.  The  stress- 

strain  relationships  obtained  at  -/arious  temperatures  are  plotted  in  Figure  1. 

Tne  elongation  is  expressed  in  terms  of  percentage  of  unstretched  length.  The 
stress  is  in  'units  of  Kg/cm^  of  actual  (stretched)  cross  sectional  area  (actually 
determined , . 

In  the  cases  of  the  experiments  ’under  the  rate  of  stretching  was  con¬ 

trolled  at  li  per  mir.'ute.  If  samples  •were  stretched  at  a  rate  gireater  than  this, 
almost  all  of  them  broke  at  ahcut  elongation.  The  mininnrm  rate  of  the  cross- 
head  of  O'Ur  ’Instron’  tensile  tester  vas  0,02’’  per  minute,  therefore  the  experiment 
was  carried  O'Ut  'using  the  sample  strip  of  2"  in  length  xlcm  width.  In  both  cases. 


a  neckir-iT-li's?  pher.osier.on  vas  observed  at  about  }k-  elon^aition.  At  room  temperature 
the  sample  brohe  at  about  elont»tior..  At  however,  the  sample  could  be 

stretched  without  brealcir^,  after  necking:  occured  up  to  l^Ot  elongation.  Above  60°C. 
the  aeas-ureaents  were  carried  out  at  an  elongation  rate  of  per  minute  for  which 
the  cross-head  speed  vas  0,02*'  per  minute  and  the  length  of  sample  films  was  l". 

Tze  samples  cottld  re  stretched  without  breaklnc  up  to  several  hundred  percent  of 
elongation.  Tne  I'o-cng's  moduli  obtained  are  listed  in  Table  II. 

TABLE  II 

Yo-ung's  Moduli  of  F\'r  at  Various  Temperatures 

Temperafure  Yo'ong's  ^Jodulus  djmes/cm^ 

P.O'On  Terperafure  (25~2"  2.)  U,6  x  10' 

5.7  X  10^ 

6:“:.  2.ii  X  10® 

-  3  ^7 

6.9  x  lo' 


Tne  birefringence  change  with  stretching  up  to  elongation  and  birefringence 

change  cn  relaxation  process  at  room  temperature  are  shown  in  Figure  2.  The  stress 

and.  birefringence  change  with  stretching  up  to  IpOi  elongation  at  Uo°c:.  are  also 

plott-ed  in  Figure  5.  It  the  case  of  the  observation  at  room  temperature,  it  is  seen 

that  a  negati'.'e  birefringence  is  obser-/ed  and  its  '/alue  is  kept  almost  constant  dur- 

0 

ing  tbe  period  of  a  relaxation.  At  Z.  also  a  negative  birefringence  is  observed 
inltiallv  'up  to  about  1.5^  elongation,  but  after  that  it  becomes  positive  and  in¬ 
creases  nonotorlcally  with  elongation.  This  change  in  birefringence  coincides  well 
with  the  beglrr.lr.g  of  a  necking-like  phenomena  in  stress-strain  curve. 


-U- 


Ir.  Pifiur^  the  stress,  'blrerrin^nce  >.'han^s  with  stretching  and  relaxation 
at  higher  terrperatures  are  pvlotted.  In  those  cases,  no  initial  negative  birefrin¬ 
gence  is  observed.  birefringence  decreases  during  relaxation  although  the 

absolute  values  is  \'ern*  saall.  This  tendency  coincides  with  that  of  nylon-6^. 

The  val'jes  of  (birefringence/stress)  at  6o°  and  80°C.  are  plotted  against  elonga¬ 
tion  in  Figure  A  aaxinrun  \'alue  is  obsemed  for  each  curve  at  about  80^t  elonga¬ 
tion.  This  fact  s'uggests  that  the  mechanisn  of  elongation  below  8o;t  elongation  is 
different  fros  that  abo\e  elor.gation. 

As  a  conclusion,  the  initial  negative  ^'alue  of  birefringence  at  lower  tempera- 
fure  nay  be  due  to  a  distortional  birefringence,  and  this  negative  value  is  very 
interesting.  In  the  cases  at  higher  temperatures,  the  birefringence  is  always  posi¬ 
tive,  which  means  that  a  PVT  segment  is  more  polarizable  parallel  to  the  chain  direc¬ 
tion  than  perpendicular  to  it. 

This  beha'rlor  is  similar  to  that  which  has  been  observed  previously  for  several 
other  polttoers  s-uch  as  polt-ethylacry-late^,  pol;>-!nethyl  methacrylate^ and  poly- 


.ne  differing  origin  of  distortional  and  orientation  birefringence 


.l;,lc,l-; 

•*  ^  <5  !!*_:€  CO  ' 


.  The  negative  birefringence  observed  at  low  tempera- 


cures  is  a  consequence  of  distortion  of  a  glassy  polymer  sued  involves  such  mechan- 
Imns  as  bond  bending  and  internal  rotation  and  separating  molecules  by  opposing  the 
intemclecular  van  der  Vaals  forces.  The  positive  birefringence  at  higher  terai)era- 
cure  is  a  consequence  of  the  fact  that  the  increased  molecular  mobility  at  these 
temperacures  permits  orientation  of  larger  nolec-ular  segments  within  the  time  scale 
of  the  e..periaent  and  that  these  segments  are  positively  birefrlngent  (having  their 
greatest  polarizability  in  the  direction  of  the  polymer  chain  as  might  be  expected 
free  the  struccure  of  F/C),  The  increasing  positive  birefringence  with  increasing 
terperat'ure  of  stretching  nay  be  a  consequence  of  the  greater  degree  of  orientation 
produced  brut  may  also  result  from  the  melting  of  crystSLls  of  polyvinyl  chloid.de  con- 
trlcutlng  negatively  to  the  birefringence.  Some  evidence  for  this  latter  explanation 
will  be  presented  in  the  next  section. 
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rr.e  aaxicrac  ir.  the  {S  n/stress)  ^ur\-es  of  Fltoire  "  is  consistajit  with  the 
orientation  of  a  ]>Dl>-aer  containing  stiff  anisotropic  elements  such  as  ci*ystals 
or  "proto-crj'stals"  consisting  of  long  rigid  or  associated  sections  of  chain  and 
is  cocparahle  for  example  with  the  aatmer  in  vhlch  the  birefringence  and  stress 
ohar^  -.ipon  stretching  crj'stalline  polj-olefins.  For  a  rubber  having  gaussian  be- 
■na*."ior,  the  stress  and  birefringence  increase  at  the  same  rate  upon  stretching^^ . 
Hove^•er,  for  a  suspension  of  cr^.-stallites  in  a  rubber-like  medium,  the  initial 
birefringence  increase  vill  be  more  rapid  than  the  stress  giving  rise  to  eui  in¬ 
crease  in  the  (A  r.  'stress)  ratio.  Howe\'er,  the  rate  of  increase  of  birefringence 
•-•ill  decrease  as  the  crystals  approach  total  orientation  while  the  stress  will 
continue  to  increase  at  an  increasing  rate,  giving  rise  to  a  subsequent  decrease 

in  ths  (l  n 'stress)  ratio.  This  latter  beha\"ior  also  is  found  for  rubbers^*^  at 

IQ  20  21 

high  extension  or  stiff  chains  where  nor.-gaussian  behavior  is  evident  > 

-.  lul  THERMAL  ST.RISS  AXD  3IREFRIKG3;:::u:  ZYZLE 

The  thertoal  stress  and  birefringence  cycles  for  several  different  elongations 
•••ere  in'-asti gated  •-'Ithir.  the  temperature  range  from  room  temperature  to  105°C.. 

Tne  sample  •-•as  allo-.-ed  to  stand  for  more  t'nan  one  hour  at  80°1.  before  measurement 
-.•as  made,  stretched  tc  a  pitan  elonoatdon,  and  relaxed  for  two  hours  at  this  tem- 
perafure.  Alter  that,  ‘coth  the  stress  and  birefringence  were  determined  as  a  fvmc- 
tion  of  temperafure .  The  expert mentail  apparatus  and  condition  were  the  same  as  in 
the  case  of  the  aeas'ureaer.t  of  stress-strain  and  birefringence  relationships  except 
that  al-mmLr.-j=  plates  which  had  a  pin  hole  were  used  instead  of  glass  plates  as 
oven  windows.  Ibis  was  done  because  the  birefringence  of  the  glass  windows  result¬ 
ing  free  thectaal  strain  was  found  to  contribute  appreciably.  17he  rate  of  tempera- 
fure  change  was  controlled  to  1°C.  per  minute.  A  copper-constantan  thermocouple 
was  -used  to  meas-ure  the  temperature  and  it  was  set  as  near  as  possible  to  the  posi¬ 
tion  on  the  s-urface  of  sample  where  the  light  beam  for  birefringence  measurement 
was  passed. 


-o- 


thercal  stress  c>vles  and  birefrlnpence  cycles  for  200,  UOO  and  600^ 

elor^tior.s  are  shovr.  in  Figure  c  and  7  respectively.  In  Figure  6,  the  tendencies 

of  the  stress  change  vith  teaperature  agree  vith  the  previous  study**.  However, 

the  tendencies  in  therasil  birefringence  c>*cles  obtained  slightly  differ  from  the 

22 

results  previousl^v  reported  An  irreversible  decrease  in  birefringence  rather 

than  an  increase  is  obserN'ed  when  the  temperature  of  relaxation  is  exceeded  in  the 
present  experiaent.  It  is  seen  that  the  slopes  of  the  birefringence-temperature 
relationships  differ  above  and  below  the  glass  transition  temperature.  The  pre- 
vio'usl;.'  observed  irre'.ersible  increase  in  the  birefringence  of  unplasticized  poly- 
vin^-'l  chloride  has  'oeen  interpreted  as  resulting  from  the  production  of  distor- 
tional  strain  durir^g  the  initial  elongation  which  is  then  relieved  irreversibly  up¬ 
on  heating  abo'.a  the  elongation  temperature  by  molecular  flow  producing  additional 
orientation  accompanied  by  an  irreversible  birefringence  increase.  Similar  observa¬ 
tions  ha-.a  ‘oeer.  made  on  substituted  polyamides  and  on  polyethyl  acrylate  at  low  tem- 
perat-ures — Vich  plasticised  PVC,  however,  the  birefringence  irreversibly  de¬ 
creases,  rather  :han  increasing  upon  heating.  This  is  a  consequence  of  the  plasti¬ 
ciser  permitting  more  easy  molecular  flow  with  less  distortion  in  the  Initiail  elonga¬ 
tion.  The  irre'.arsible  birefringence  decrease  observed  in  the  present  studies  may 
rernlt  from  the  molecular  weight  of  tne  present  sample  being  somewhat  lower  permit¬ 
ting  more  calaxation  prior  to  heating. 

Tne  present  observation  that  the  birefringence  reversibly  decreases  upon  cool¬ 
ing  at  constant  length  is  consistant  with  previous  observations^’**’^^.  Presumably 
the  degree  of  cry.'stallinity  of  the  polyvinyl  chloride  increases  upon  cooling.  This 
shuruld  result  in  an  increase  of  birefringence  as  observed  for  rubber^»^**  and  for 
rubstltuted  polyamides  '  unless  (a)  the  crystals  grow  with  their  chain  axes  oriented 


in  the  stretching  direction  but  have  negative  birefringence  (greatest  refractive  index 
perpendicular  to  the  chain  direction)  or  (b)  the  crystals  are  positively  blrefringent 


•  I  " 


vith  their  rhair.  axes  oriented  perpendicularly  to  the  chain  direction. 

If  (a^  is  trje,  this  3-.:st  aean  that  the  birefringence  of  a  PVC  chain  In  a  crystal 
=ust  be  of  opposite  sign  free  th^t  in  the  amorphous  polymer,  since  the  total  hlre- 
frir-ger.ee  of  ?\\'  is  obN'iously  positive  as  seen  from  the  present  and  previous  data. 
This  co-eld  occ-er  as  a  consequence  of  the  possible  appreciable  contribution  of  aniso¬ 
tropic  internal  field  to  cr/stal  birefringence^'' The  situation  (b)  has  been 
observed  in  the  case  of  t'ne  crr-stalllzation  of  crosslinked  polyethylene  at  low 

extensions,  where  the  c—.-stals  are  found  to  grow  with  their  chain  axes  perpendicular 

oc 

to  the  orientation  direction”'.  nowe\'er,  such  crystallization  should  cause  an  in¬ 
crease  in  stress  rather  than  the  slight  decrease  seen  in  the  higher  temperature 
regions  ot'  “ig-cc-e  c.  (The  increase  observed  at  lower  temperatures  Is  undoubtedly 
a  consec-cence  of  the  thermal  contraction  of  the  sample  having  a  modulus  which  In¬ 
creases  -•i'lth  decreasing  temperat-cre  as  one  passes  through  the  glass  temperature  as 
has  been  previously  obser-.-ed*'"'' .  P-urthermore,  If  perpendicular  orientation  of  the 
cr;.-stAls  ocrurs,  the  amo'cnt  of  this  sho-old  decrease  with  Increasing  elongation 
whereas  the  positive  slope  of  the  blrefrlngence-temperattire  curves  in  Figure  7  Is 
seen  to  increase  -.-ith  elongation.  X-ray  diffraction  studies  with  varying  temperature 
-.’o-cld  ’ce  desirable  to  establish  whether  euLtematives  (a)  or  (b)  are  reasonable. 

.Another  possibility,  (c),  is  t'nat  the  birefringence  of  the  statistical,  segiaent 
of  aaorphtres  FV:  may  change  •-'ith  temperature  because  of  the  temperatxire  dependence 
of  the  pop-clatlons  of  its  rotatlorjil  isomers.  The  exis-tance  of  such  ro-tatlonal 
isomers  and  the  dependency  of  their  concentration  -upon  -beinperattire  has  been  demon- 
strated  ^  7ne  effective  size  and  anisotropy  of  the  statistical  segment  is  de¬ 

pendent  -npon  the  concentration  distribution  of  rotational  Isomers.  In  this  way  it 
is  conceivable  that  the  birefringence  of  the  amorphous  PVC  chains  may  decrease  as 
the  temperat-ure  is  lowered  (favoring  the  more  extended  and  more  anisotropic  Isomers), 
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It  is  that  birefringence  neasureoents  on  crystals  of  model  coapoionds 

similar  to  those  used  by  Krlrm  for  his  infrared  studies^”^^  would  be  useful  for 
testing  this  h;.nsD thesis. 

A  fo--trth  possibility,  (d'',  is  that  the  birefringence  changes  with  temperature 
’recause  of  the  increasing  neoati^'e  birefringence  distortional  contribution  as  the 
temperat’ure  is  lowrec.  Titis  accorapsinies  the  increasing  stress  on  the  sample  (seen 
in  Pigtire  as  the  temperature  is  lowered  past  the  glass  temperature  which  results 
:rom  the  tendency  for  thermal  contraction  of  the  sample  accompanied  by  an  increasing 
nod'ulus  as  the  temperature  is  lowered.  It  is  not  probable  that  this  is  the  major 
contribution,  ho%•e^'er,  since  the  stress  does  not  begin  to  increase  with  decreasing 
temperafure  'jintil  about  (Figure  6).  However,  as  seen  in  Figure  7,  the 

birefrir-gence  decreases  at  aT  1  temperatures  starting  at  105°C,  where  there  is  not 
likely  to  be  an  atroreciable  distortional  contribution,  since  this  is  above  T„. 

Thei-e  appears  to  'oe  a  slight  increase  in  the  rate  of  decrease  at  about  80°C.  indicat¬ 
ing  perhaps  a  small  distortional  contribution. 

lalc'ulatec  values  of  birefringence  temperature/stress  [(£>n)T/a]  for  various 
stretching  are  plotted  in  Figure  S  as  a  function  of  temperature.  It  can  be  seen 
that  -.-ithin  the  temperat-ure  range  between  about  95°C.  and  75°C!.  the  values  of 
[(ln)7/c]  on  cooling  process  are  almost  independent  of  temperature.  These  constant 
•.•al-ues  of  t(in)’r/c]  are  listed  in  Table  III. 


TABLE  in 


The  Values  of  [(An)T/a]  for  Various  Elongation  When  the 
Sample  was  Relaxed  at  30°C.  and  Treated,  at  105°C. 


otress 


Zlor.gatlon 

200^, 


/(An)T 


relaxed  at  80 

2.8  X  lo"^ 

7 

5.2  X  10 


dynes/c«® 
treated  at  105°C. 

1.7  X  10*^ 


3.0  X  10 


7.C  X  10 


U.l  X  10 


£oo^. 


-Q- 


As  a  reference,  pre\'lously  reported  this  vi^lue  for  polj'vlnj’l  chloride  and  sone 
other  poljtaers  are  shovn  in  Table  IV. 


TABLE  IV 


The  Values  of  Stress/(ln)T  for  Several  Polymers 

Stress /(^)T  dynes/cm® 


Pol;."\'ir.vl  chloride 
Poll'd  sobutyler.e 
Pol'-'s  t  '."rene 


1.?  X  10 
3.0  X  10 

2.3  X  lo' 


,7 


7 

-0.5  X  10 


It  car.  ’re  seer,  that  the  •■'alues  obtained  are  quite  reasonable  comparing 
Table  IH  and  r.'.  It  is  ter;.-  interesting,  hovever,  that  the  value  of  o/AnT  are 
dependent  -rpon  the  degree  of  elongation  and  temperature  in  the  case  of  PVC,  namely, 
it  increases  vith  increasing  elongation  and  decreases  with  increasing  treating 


3,  ~  rTrv.A’'!i:  st?zhh  .iic  3I?zf?i:.'ge:»iz  .bT  room  th-teratuee 

Ere  dtT.amic  stress  and  birefringence  on  PVG  were  investigated  at  room  tempera¬ 
ture  --ithin  the  frequency  range  ’cetveen  0.00253  and  8.6  cycles  per  second.  Techni¬ 
ques  of  the  tt'pe  previously  described  vere  used^^'^^'^^. 

Tne  p-orpose  of  these  meas-orements  vas  to  determine  the  time  dependence  of  the 
stress  and  birefringence  change  d'uring  the  periodic  deformation  of  the  PVC  samples. 

It  appeared  pro’cable  that  the  relaxation  times  for  the  distortional  and  orientational 
contrirctions  vcruld  be  different,  and  that  dynamic  measurements  votild  seirve  to  resolve 
these . 

Ihe  thlchness  of  sample  film  used  vas  about  6  mil.  One  of  the  results  obtained 
is  sho-.T.  in  71g-ure  5*  meas^irement  vas  carried  out  at  a  elongation  of  2.0U^  for 
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oriirinaJ.  length.  The  nagnitude  of  vibration  amplitude  was  0.8^  of  elongated 
length.  The  general  tendencies  in  dj-namic  mechanical  properties  are  reasonable. 

It  is  noted  that  the  \'alue  of  the  real  part  of  the  dynamic  strain-optical  coef¬ 
ficient ,  K',  is  negativ-e  and  becomes  more  so  with  increasing  frequency.  This 
fact  coincides  vlth  the  fact  that  a  negative  birefringence  is  observed  when  PVC 
is  stretched  statically  a:  roor.  teiroerature  up  to  elongation.  The  negative  K' 
is  a  conseq-uence  of  the  short  relaxation  time  distortional  contribution.  At  high¬ 
er  frequencies,  there  is  less  time  for  this  contribution  to  relax  out  during  the 
tlbrational  period,  so  the  nerati\'e  contribution  is  greater  at  high  frequency. 

It  is  expected  that  at  lov  enough  frequency,  K'  would  cross  to  positive  values 
when  the  orientation  contribution  would  dominate.  The  curves  should  be  shifted  to 
the  right  at  hdcher  temperatures  (toward  higher  frequencies)  and  the  positive  K' 
values  wo-uld  then  contribute  at  higher  frequencies.  Such  temperature  dependence 
measurements  -to'uli  be  of  interest. 

A  maccLrum  of  the  tact  1  cur-.-e  (where  -  is  the  phase  angle  between  birefringence 
and  strain'  is  seen  at  about  .01  cycles  per  second.  There  is  some  indication  that 
the  tact  u  curve  is  increasing  toward  a  second  meoclimm  at  higher  frequencies. 

Ine  real  part  of  the  mod'ulus,  E’,  increases  monatonically  with  increasing 
frequency  and  tar.  5  (the  phase  angle  between  stress  eind  strain)  decreases  indica¬ 
tive  of  a  loss  maximum  at  frequencies  less  than  0.001  cycles  per  second.  It  is 
ilxely  th.at  this  lov  frequency  loss  maximum  is  associated  with  a  chain  orientation 
mechanism  and  it  is  pro'oable  that  this  is  associated  with  the  high  temperature  loss 
raxirrum  (~  at  about  0.2  -  Ip  cps)  found  by  Schmieder  and  Wolf^'^'^®  and  Kono^^ 

associated  with  the  glass  tentjerature.  It  is  expected  that  their  smaller  loss  mBud- 
rrum  at  low  temperafure  (~  aay  correspond  to  the  distortional  process.  It 

sho-uld  ‘oe  noted  t'nat  this  high  temperature  loss  maxiTmim  is  aJ-so  probably  associated 

kO 

•■^tn  tne  infection  in  the  stress  relaxation  curve  found  by  Shen  and  Tobolsky 
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A  hliii  terperatiire  inflection  is  also  seen  by  these  latter  vorkers  and 

associate-d  vith  a  crj-stal  nelting  point  at  17*^°C.  (which  might  be  compared  with 
a  microscopically  measured  melting  point  of  101°  -  20i*°C.°). 


c.  riTHcOISV.  OF  nSISLF  LIuHT 

In  order  to  cet  some  information  about  the  noleculAr  chain  orientation  with 


stretchinc.  tne  measureme 


r.t  on  tne  dichroisc  of  visible  light  In 


tne  case  of 


howe\-er,  two  methods  of  sample  preparation  are  available  for  this 


rurtcse.  The  first  one  is  the  method  using  ?\^0  sample  thermally  decomposed,  second 
is  the  cr.e  using  F'll  sample  s'uitahly  dtned  as  same’  as  in  the  cases  of  polyethylene 
terephtha'.ate  and  ether  tolt-mers.  Oor.ceming  the  first  one,  as  well  known,  the 
thermal  ie composition  reaction  of  ?\'I  is  ass-cmed  as  a  introducing  reaction  of  con¬ 
jugated  double  bonds  into  the  pclttaer  nain  chain  by  successive  removing  of  hydrogen 


Tnese  :or.;utated  double  bonds  thermally  introduced  may  be  expected 


tc  locate  in  amerphrus  region  of  the  matrix  rather  than  the  crystallites  and  also 
they  might  be  e.'-rpectei  as  a  scuroe  of  a  dichroism  change  of  visible  light  with 
stretching.  Tnerefcre,  a  thermally  treated  PVC  sample  film  may  be  used  for  the 
mearurement  of  the  present  p-urpose.  lor.ceming  the  second  method,  however,  there 
is  no  usef-ul  information  about  S'uitable  d;.es  for  this  purpose  at  present.  Therefore, 
thermally  decomposed  T’Z  film  •-■as  used  for  the  present  investigation. 

Tne  sample  sfodied  -.-as  a  F.T:  film  which  was  treated  in  a  silicone  oil  bath  for 
minutes  at  1-C  +  I'l..  The  experimental  procedures  for  the  determination  of 
dichroism  were  described  elsewhere"^ ' .  The  strain  rate  was  1^  per  minute 
anc  tne  temperature  '--as  /j  ^.. 


Tne  -.-ariations  in  the  perpendifular  and  parallel  intensities  of  light  which 
passed  thrm-ugh  the  sample  -.^re  investigated  over  the  period  of  time  including  the 
stretth-inr  process  up  to  rhXJy  elongation,  relaxation  for  90  minutes  at  90°C.  and 


-12- 


O  ^  O  y 

the  themal  cycle  process  for  'X'>  2.  to  110  0.  to  =^0  2.  (the  rate  of  temperature 

o  * 

chance  vas  oor.trollec  vithln  1  2.  per  minute),  and  are  plotted  in  Figure  11. 

As  a  res’ult ,  it  hecorses  clear  that  this  procedure  is  not  suitable  for  the 
present  p-urpose,  although  sotae  appreciable  changes  in  perpendicular  and  parallel 
intensities  to  the  direction  of  elongation  are  observed.  Some  of  the  major  reasons 
are  as  follovs: 

(a''  rne  mechanical  properties  of  the  thermally  decomposed  FVC  differed  from  that 
of  the  original  F2:.  cotse  of  them  are  listed  in  Table  V.  One  of  the  thermal  stress 
cycles  at  elongation  is  shovn  in  Fig’ure  10  as  a  reference.  The  experimental 

pro-cedurs  ■i.'as  the  same  as  that  mentioned  above  except  that  film  was  conditioned  at 
pr'T.  and  stretched  at  this  temperafure.  A  thermal  stress  cycle  for  original  FVC 
is  compared  •-'ith  that  of  decomposed  Y'fZ  using  a  broken  line  in  the  figure. 

(b’'  Some  more  decomposition  reaction  proceeded  during  the  period  of  measuring  in¬ 
cluding  stretching,  relaxation,  and  themal  cycle  at  such  a  high  temperature  as 
above 


TABLE  V 


come  )>fechanical  Properties  of  Original  and  Thermally  Decomposed 


To'ung '  s  mod-ul'UB 
Tensile  elongation 
Tensile  strer.gth 
T-lass  transition  temperatt 


?ol;.-.tlr.vl  TbJ-oride  Film 

Original  Film 
2.0  X  10  dynes/cffl® 

>6ooi 

Ta  500  Kg/cm^ 

Ca  75°C. 


Thermally  Decomposed  Film 
U.5  X  10®  dynes/cm® 
<4O0^ 

Ca  150  Kg/cm® 

Ca  a5°C. 


**nis  glass  transition  temperafure  was  determined  as  a  temperature  at  which  a 
inflection  on  the  thermal  stress  cycle  is  observed  in  Figure  10. 


.'cIj':*  o:'  '.  e.-ar.r  !ecTV"  Curin'  the  experinent  ,  it  vaa 

ir::50ssihle  to  calottlate  a  aoov.ratc  oiohroisr.  ratio.  As  a  reference,  one  of  the 
res-jQ.ts  otta.ined  are  plottevi  in  Fifrare  11.  [Recent  measurements,  by  Mr.  Ryo  Yamada, 
vhich  vill  be  described  in  a  later  report,  have  been  successful  in  obtaining  values 
of  dichroisE  for  deh^drohalogenated  PV3  and  PVC-ethylene  copolymers. ] 


TEE  TITEROISy  OF  INFRARED  AT  ELEVATED  TEMPERATURE 
In  order  to  get  information  of  orientation  of  both  crystalline  part  and  amor- 
pho'us  part  vith  stretching  separately,  the  preliminary  observation  on  dichrolsm 
charts  of  infh^red'* vas  performed  on  sample  films  which  have  been  used  for  the 
measurements  of  birefrir.gence  changes.  Because  some  of  the  infrared  abeoiT)tion 

Ii8-S7 

hands  hetvieen  the  vave  length  of  l*^  and  ITn  have  been  assigned  as  shown  in  Table  VI 
The  measurements  of  their  change  with  stretching  might  be  useful  for  the  present  purpose 

TABLE  VT 

Infrared  Spectrjm  suid  Assigniments  for  PVC 
Between  the  Vave  Length  ll+  smd  17^i 


'nave  Ih^moer 

Vave  Length 

Polarization 

Phase  Assignment 

no-  c=-^ 

16.55u 

0* 

C  v(CC1)Bi 

£15 

16.25 

a 

A  v(CCl)S^(A) 

15.66 

a 

A  v(CCl)S^(A) 

6-0 

15.62 

a 

C  v(CC1)Ai 

_ 

li^.6o 

a 

A  v(CCa)Sg^(A) 

lU.Lj 

X 

r 

:  perpendlc-jlar 

A  :  amorphous 

:  band  shows  x  di 

enrol sm  at  low 

draw  ratio 

C  :  crystalline 

X 

:  parallel 

V  :  stretching 

A  ?erl<in  Elaer  21  double  bean  spectrophotometer  equipped  with  CsBr  prism 
was  usee.  A  sil^•er  chloride  polarizer  was  placed  in  the  spectrometer  between  the 
light  source  and  detector  chambers.  Howev’er,  the  shortest  wave  length  which  covild 
be  resol\-ed  by  this  IsBr  prisn  sj-sten  was  15^l.  It  was  found  that  for  the  thickness 

of  the  films  used,  which  was  about  1*  mil.,  was  too  thick  to  get  accurate  absorption 

intensities  of  each  bands  within  the  wave  length  range  between  15  and  17^•  The 
optin-xt  thickness  of  the  sample  for  this  purpose  shovild  be  1  mil. 

A  plan  for  the  aa;or  experiment  was  designed  considering  the  following  three 
points. 

1)  The  thickness  of  the  sample  film  shovild  be  about  1  mil. 

2)  The  dichroism  change  with  stretching  at  elevated  temperature  should 
he  ohser-.-ed.  These  res'uLts  obtained  should  be  compared  with  the  re- 
s-uLts  of  birefringence  meas'creaents. 

In  order  to  cover  the  wave  length  from  lii-  to  17|i,  a  KBr  prism  should 

he  used  and  the  window'  of  the  oven  should  be  KBr  plates. 

A: cording  to  this  plan  a  ne'«  sample  extension  mechanism  in  a  smeuU  oven  which 
can  he  set  into  the  clearance  hev^een  a  Ag31  polarizer  and  detector  chamber  of  a 
Perkin-Zlmer  21  double  'oeam  spectrophotometer,  was  constructed.  Unfortunately, 
the  eq-ulpoent  was  not  completed  in  time  for  the  writer  to  complete  his  studies 
before  learing. 

= .  SUi-H-CABY 

l)  A.  negatiwa  birefringence  'was  observed  initially  when  P"/C  was  stretched  at  a 
temperature  lower  than  At  higher  temperature  it  showed  positive  bire¬ 

fringence,  and  the  birefringence  increased  monotonically  with  stretching. 

Ax  a  rerjvlt  of  the  djctamic  measurements  at  room  temperature  a  negative  value 
of  K'  also  was  observed  and  this  '/alue  decreased  with  increasing  frequency. 
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Theraal  stress  and  blrerrin^nce  cycles  vithln  the  temperature  range  from 
rooc  temperature  to  were  Investicated.  The  general  tendencies  on 

thermal  stress  cycle  coincided  well  with  the  results  previously  reported, 
.'or.cemir^  thermal  birefringence  cycle,  however,  an  Irreversible  decrease 
ir.  birefringence  rather  than  an  Increase  was  observed  when  the  temperature 
of  relaxation  v^as  exceeded.  The  constant  values  of  AnT/a  were  obtained 
within  the  temperature  range  between  7^  and  on  the  cooling  process. 

I^ese  values  obtained  are  nearly  equal  to  the  value  previously  rejxjrted, 
hut  they  seemed  to  ‘re  dependent  upon  the  degree  of  elongation  and  treating 
temperature. 

Tichroism  char.ge  of  \'lsible  light  with  stretching,  relaxation,  and  thermal 
c^.tle  was  examined  on  the  thermally  decomposed  within  the  temperature 
range  ‘oetwaen  *C  and  LlC^d..  As  a  result  it  became  clear  that  the  thermally 
decomposed  ?".'d  was  not  suitable  and  some  suitably  djad  PV3  should  be  used 
for  the  present  p'urpose. 

•Although  the  tjeas-urements  on  the  dichrolsn  change  of  infrared  with  stretch¬ 
ing  at  eletated  temperature  had  beer,  planned ,  'unfortunately  they  could  not 
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FIGURE  CAJTIONS 

1  -  The  stress  strain  relationships  up  to  about  20^  elongation  at  Tarlous 

teape natures. 

2  -  The  stress  and  birefringence  change  vith  stretching  and  relaxatlan  at 

roon  temperatvire. 

?  -  The  stress  and  birefringence  change  vith  stretching  at  U0°C. 

-  -  The  stress  and  birefringence  change  vith  stretching  and  relaxation  at 

60  and  S0°0. 

?  -  The  variation  of  the  -value  of  birefringence /stress  vith  stretching  at 

60  and  80°r. 

6  -  The  thennal  stress  cycles  for  -various  elongations. 

7  -  The  thermal  birefringence  cycles  for  -various  elongations. 

S  -  The  -variation  of  the  -values  of  birefringence  x  teaperatxire  per  stress 

-vith  tenperat-ore  for  -vartous  elongations. 

9  -  The  -.-ariation  of  the  dynauaic  stress  aind  birefringence  -with  frequency 

at  room  temperature. 

10  -  The  thermal  stress  cycles  of  thermally  decomposed  and  original  F7C 

for  200^  elongation. 

U  -  The  variation  of  the  perpendicular  and  parallel  Intensity  of  light  -which 
passed  through  the  thermally  decomposed  PVC  film  vith  stretching. 
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